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METHOD AND SYSTEM FOR CONTROLLING 
WRITE CURRENT IN MAGNETIC MEMORY 

BACKGROUND 

[0001] Computers have become an integral part of society. Computers are 
complex and may include microprocessors, storage media (e.g., CD-ROM, hard 
drive, floppy drive), memory, and input/output devices. In general, the 
microprocessor executes instructions from various software programs that may 
be running on the computer. While running the programs, the microprocessor 
may need to read and write information to and from memory. 
[0002] Recent trends in memory include solid state magnetic memory arrays. 
Magnetic memory arrays may have advantages over non-magnetic memory 
arrays (e.g., DRAM) because, among other things, they do not need to be 
refreshed. Magnetic memory may contain individual memory elements, where the 
electrical resistance of the individual memory element may indicate the digital 
information contained in the memory element. Digital information contained in the 
memory element may be altered by passing electrical current in one or more 
memory write lines, where the write lines may be magnetically coupled to a 
magnetic memory element. 

[0003] As a result of the current in the memory write lines, a magnetic field may 
be induced in the memory element, which may then alter the digital state in the 
memory element. The amount of current necessary to alter the state of the 
memory element from a high value to a low value, or vice versa, may be a 
specified amount. To provide the specified amount of current to a memory write 
line, the current may need to be controlled, which presents challenges. 
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[0004] Controlling the amount of current applied to memory write lines may be 
problematic because as newer generations of integrated circuits evolve, lower 
supply voltages are used. However, the circuitry used in controlling the amount of 
current supplied to a memory write line may consume part of this reduced supply 
voltage. Because the total amount of supply voltage is reduced and the circuitry 
that controls the current in the write line may consume part of this reduced 
voltage, the amount of voltage remaining may not be enough to provide the 
specified amount of current to the memory write line. 

BRIEF SUMMARY 

[0005] Methods and apparatuses are disclosed for controlling the write current 
in magnetic memory. In some embodiments, the method includes: providing a 
current in a plurality of memory write lines (where the write lines may be 
magnetically coupled to at least one memory element), coupling a first and 
second plurality of transistors to either end of the memory write line, and altering 
the conduction state of individual transistors within the first and second plurality of 
transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] For a detailed description of the various embodiments of the invention, 
reference will now be made to the accompanying drawings in which: 
[0007] Figure 1 illustrates memory elements which may be coupled together in 
a cross-point array configuration; 

[0008] Figure 2 shows a circuit in accordance with various embodiments; 
[0009] Figure 3 shows a circuit for delivering current in a write line in 
accordance with various embodiments; and 
[0010] Figure 4 shows an exemplary computer system. 

NOTATION AND NOMENCLATURE 
[0011] Certain terms are used throughout the following description and claims to 
refer to particular system components. As one skilled in the art will appreciate, 
companies may refer to a component by different names. This document does 
not intend to distinguish between components that differ in name but not function. 
In the following discussion and in the claims, the terms "including" and 
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"comprising" are used in an open-ended fashion, and thus should be interpreted 
to mean "including, but not limited to...". 

[0012] The term "couple" or "couples" is intended to mean either an indirect or 
direct electrical connection. Thus, if a first device couples to a second device, that 
connection may be through a direct electrical connection, or through an indirect 
electrical connection via other devices and connections. However, the phrase 
"magnetically coupled" is also intended to refer to the situation in which a 
magnetic field emanating from a first material is induced in second material. For 
example, a conductor carrying a current may emanate a magnetic field which 
may be coupled into a magnetic material. 

[0013] The term "gate terminal" is intended to refer to the terminal of a transistor 
that controls the transistor's conduction state, regardless of the technology used. 
The term "constant" in so far as it relates to power supplies is intended to refer to 
minor variations in a particular parameter. For example, a power supply with 
constant current and variable voltage will have a voltage that may change 
significantly, while the current will have only minor variations. 

DETAILED DESCRIPTION 
[0014] The following discussion is directed to various embodiments of the 
invention. Although one or more of these embodiments may be preferred, the 
embodiments disclosed should not be interpreted, or otherwise used, as limiting 
the scope of the disclosure, including the claims. In addition, one skilled in the art 
will understand that the following description has broad application, and the 
discussion of any embodiment is meant only to be exemplary of that embodiment, 
and not intended to intimate that the scope of the disclosure, including the claims, 
is limited to that embodiment. 

[0015] Figure 1 depicts a magnetic memory 10 that may be integrated as an 
array 12 on an integrated circuit. In general, the array includes memory elements 
14A-I, which may be magnetically coupled to write lines as shown by the dashed 
lines. The magnetic memory elements may be modeled using various devices 
such as capacitors, resistors, inductors, tunnel junctions in series with diodes, or 
other combinations of integrated circuit elements. The write lines may be 
organized in columns 16A-D and rows 18A-D. Accompanying circuitry 19 may be 
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coupled to write lines 16 and 18, and may assist in writing data to the array 12. 
Although not shown in Figure 1, read lines may be electrically coupled to the 
memory elements 14A-I in order to perform read operations. 
[0016] In writing data to individual memory elements, current may be provided 
to write lines 16 and 18. For example, in writing data to memory element 14E, 
current may be provided to column 16B and row 18B. The current flowing in write 
lines 16B and 18B may then induce magnetic fields in memory element 14E and 
alter its digital state. Because other memory elements in the array 12 may share 
common write lines, the current intended to create a magnetic field in a desired 
memory element may induce unwanted magnetic fields in other memory 
elements also. The unwanted magnetic fields are often referred to as "half- 
selected" magnetic fields since only one of the two induce magnetic fields may be 
present for the undesired memory element. For example, in writing information to 
memory element 14E, magnetic fields may be undesirably induced in memory 
elements 14B and 14H, which are also magnetically coupled to write line 16B. In 
general, the amount of magnetic field generated may be related to the amount of 
current flowing in a write line. Thus, in order to write information to a desired 
memory element, it may be advantageous to distinguish among the memory 
elements in the array by controlling the amount of current in write lines. 
Accordingly, the amount of current in the write lines should be greater than the 
threshold of the desired memory element and less than the half-select threshold 
for the undesired memory elements, which may be coupled to the same row and 
column lines as the desired memory element. 

[0017] Figure 2 shows an embodiment of the present invention that may be 
used as a magnetic memory write line driver. Circuit 30 may provide desired 
current control in a magnetic memory write line 32 while minimizing the amount of 
overhead voltage utilized and simplifying overall circuit design. Memory write line 
32 may be magnetically coupled to magnetic memory element 34. The supply 
voltage, indicated as V DD , may be electrically coupled to the source terminals of a 
plurality of p-channel MOSFETs 36. Transistors 36 may have their drains 
electrically coupled to a write line 32, which may be represented as resistive 
element R w . Write line 32 may also be electrically coupled to the drain terminal a 
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plurality of n-channel MOSFETs 38, and the source connection of transistors 38 
may be electrically coupled to ground. 

[0018] The gate connection of transistors 38 may be electrically coupled to V D d 
through switches SN r SN x . Likewise, the gate connection of transistors 36 may 
be electrically coupled to ground through switches SP r SP x as shown. The 
amount of current required in write line 32 to write memory element 34 to a digital 
value may be a predetermined value. Circuit 30 may control the amount of 
current in write line 32 by turning on any number of switches SN X and SPx in any 
order. By combining transistors in this fashion, the effective resistances R D sn and 
Rdsp can be dynamically adjusted. Further, individual transistors within the 
pluralities of transistors 36 and 38 may not be sized similarly. For example, 
individual transistors may be binary weighted such that transistor 1 has a size of 
1 / 2 X, transistor 2 has a size of X, and transistor 3 has a size of 2X. With the 
transistors binary weighted in this fashion, they may be able to contribute to the 
amount of write current in write line 32 differently. The switches SN X and SPx may 
represent logic gates electrically coupled to the gate terminals of transistors 36 
and 38. 

[0019] As switches SP X couple the gates of transistors 36 to ground, the gate- 
to-source voltage of transistors 36 may be equal to -V D d, which is the maximum 
voltage available in circuit 30. Likewise switches SN X may couple the gates of 
transistors 38 to Vdd, which also may yield the maximum possible gate-to-source 
voltage available in circuit 30. In general, when the gate-to-source voltage of a 
transistor is at a maximum, the resistance may be at a minimum value. Since 
transistors 36 and 38 may be configured with a minimal resistance value, they 
may have a lower drain-to-source voltage than other solutions. For example, the 
drain-to-source voltage of transistors 36 and 38 may be lower than that of 
transistor 26 in circuit 20. Accordingly, circuit 30 may be able to control the 
amount of current in write line 32 by using less overhead voltage than is used by 
circuit 20. Although V D d may supply a variable current to the write line, the voltage 
supplied by V D d does not need to be varied in order to supply the variable current 
to the write line. 
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[0020] Figure 3 illustrates another embodiment of the present invention that 
may be used as a magnetic memory write line driver. Circuit 40 may provide 
current control for write line 42 while minimizing the overhead voltage utilized and 
simplifying overall circuit design. Write line 42 may be magnetically coupled to 
memory element 44, and may be capable of altering the state of memory element 
44. The supply voltage, indicated as V D d, may be electrically coupled to the 
source terminal of a p-channel MOSFET 46. The drain terminal of transistor 46 
may be electrically coupled to write line 42, which may be represented using a 
resistive element R w . Write line 42 may also be electrically coupled to the drain 
terminal of an n-channel MOSFET 48. The source terminal of transistor 48 may 
be electrically coupled to ground, while the gate terminal of transistor 48 may be 
electrically coupled to the supply voltage V D d- 

[0021] A p-channel MOSFET 50 and an n-channel MOSFET 52 may form an 
inverter 53 and may have both of their drain terminals electrically coupled to the 
gate of transistor 46. The source terminal of transistor 50 may be electrically 
coupled to the supply voltage V D d- The gate terminals of transistors 50 and 52 
may be electrically coupled to a common control voltage Vcontroi. The source 
terminal of transistor 52 may be electrically coupled to V W rite. As the voltage at the 
input of inverter 53 switches, the output may switch between V D d and V wr it e . The 
threshold voltage of inverter 53 may be adjusted by varying the size of transistors 
50 and 52 as well as varying the magnitude of V wr jte. 

[0022] Inverter 53 may operate to switch the gate of transistor 46 between V D d 
and Vwrite as Vcontroi is varied. For example, if Vcontroi equals V D d, then transistor 50 
may be turned off and transistor 52 may be on. With transistor 50 off and 
transistor 52 on, V wri te may be electrically coupled to the gate of transistor 46, so 
that as Vwnte is varied, the amount of current in write line 42 may be adjusted 
because the gate-to-source voltage of transistor 46 may be varied. 
[0023] Alternatively, if Vcontroi equals Vwrite, then transistor 52 may be off, and 
transistor 50 may couple the gate terminal of transistor 46 to V D d- With the gate 
terminal of transistor 46 electrically coupled to V D d, transistor 46 may be off and 
limit the amount of current in write line 42 to approximately zero. 
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[0024] Circuit 40 may be a desirable implementation because the circuitry for 
controlling the current (i.e., transistors 50 and 52) may be separated from the 
main current path (i.e., the series combination of transistor 46, write line 42, and 
transistor 48). With the controlling circuitry out of the main current path, V^te may 
now be designed as a constant-current variable-voltage power supply and V D d 
may be designed as a variable-current constant-voltage power supply. Neither 
Vwrite nor V D d require variable currents and variable voltages. Circuit 40 may be 
able to control the amount of current in write line 42 using a minimal amount of 
overhead voltage. 

[0025] The memory disclosed herein, and the methods for controlling current in 
memory write lines may be used in a computer system. Figure 4 illustrates an 
exemplary computer system 100. The computer system of Figure 4 includes a 
CPU 102 that may be electrically coupled to a bridge logic device 106 via a CPU 
bus. The bridge logic device 106 is sometimes referred to as a "North bridge." 
The North bridge 106 electrically couples to a main memory array 104 by a 
memory bus, and may further electrically couple to a graphics controller 108 via 
an advanced graphics processor ("AGP") bus. The main memory array 104 may 
be a magnetic memory array utilizing the disclosed methods for controlling the 
write line current. The North bridge 106 couples CPU 102, memory 104, and 
graphics controller 108 to the other peripheral devices in the system through, for 
example, a primary expansion bus ("BUS A") such as a PCI bus or an EISA bus. 
Various components that operate using the bus protocol of BUS A may reside on 
this bus, such as an audio device 114, a IEEE 1394 interface device 116, and a 
network interface card ("NIC") 118. These components may be integrated onto 
the motherboard, as suggested by Figure 4, or they may be plugged into 
expansion slots 1 10 that are connected to BUS A. 

[0026] If other secondary expansion buses are provided in the computer 
system, another bridge logic device 112 may be used to electrically couple the 
primary expansion bus ("BUS A") to the secondary expansion bus ("BUS B"). 
This bridge logic 112 is sometimes referred to as a "South bridge." Various 
components that operate using the bus protocol of BUS B may reside on this bus, 
such as a hard disk controller 122, a system ROM 124, and Super I/O controller 
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126. Slots 120 may also be provided for plug-in components that comply with the 
protocol of BUS B. 

[0027] The preferred embodiments of the present invention may allow the 
circuitry involved in controlling the amount of current in memory write lines to be 
separated from the write line current path. By separating the current control 
functions from the write line current path, a larger portion of supply voltage may 
be used in the write line current path, allowing greater control of the write line 
current. This may be especially useful as supply voltages decrease. In addition, 
the preferred embodiments of the present invention may simplify circuit design by 
eliminating the need for power supplies having variable-voltages and variable- 
currents. 

[0028] The above discussion is meant to be illustrative of the principles and 
various embodiments of the present invention. Numerous variations and 
modifications will become apparent to those skilled in the art once the above 
disclosure is fully appreciated. For example, some of the embodiments are 
shown using complementary metal oxide semiconductor ("CMOS") technology, 
and as such the n-channel devices may be substituted for p-channel devices and 
vice versa, while maintaining similar circuit functionality. It is intended that the 
following claims be interpreted to embrace all such variations and modifications. 
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